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Talaromyces pinophilus FKI-3864 in seawater-containing medium and have a common dihydronaphtho-
pyranone skeleton with a different long alkyl chain. The relative stereochemistries of 3–5 were elucidated
by various NMR experiments including analysis of 1H NMR coupling constants, ROESY and the dihedral
angles. The absolute stereochemistries of 3–5 at C-3 were determined by the circular dichroism spectra in
comparison to the data of (R)- and (S)-semivioxanthins (6 and 7). Accordingly, total absolute
stereochemistries of 3–5 were concluded to be 3S,13R,15R,17R,19R,3S,13R,15R,17R and 3S,13R,15R,
respectively.
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Triacylglycerol (TG) is an energy-storage molecule and thus a common
form of fat found in both food and the body. TG synthesis is important
in many metabolic processes in mammals, including lactation, energy
storage in fat and muscle, fat absorption in the intestine and the
assembly of lipoprotein particles in the liver and small intestine;
however, excess accumulation of TG in certain organs and tissue
causes fatty liver, obesity and hypertriglyceridemia1–3. During our
screening program for microbial inhibitors of triacylglycerol synthesis
in mammalian cells, we discovered ﬁve pairs of new atropisomers
named dinapinones and their monomers named monapinones A (1) to
E (5) (Fig. 1) in the culture broth of Talaromyces pinophilus (originally
named Penicillium pinophilum) FKI-38644–7. Interestingly, 1–5 were
found to be exclusively produced by fermentation of the fungus in
seawater-containing medium5. From the structure elucidation, 1–5 have
a common dihydronaphthopyranone skeleton with a different long
alkyl chain5,6. Furthermore, the absolute stereochemistries of 1 and 2
were elucidated by ROESY experiments and circular dichroism
spectra6. In this study, the absolute stereochemistries of 3–5 are
elucidated by various NMR experiments including analysis of 1H
NMR coupling constants, ROESY experiments and the dihedral
angles, and circular dichroism spectra.2. Results and discussion
Compound 3 has ﬁve chiral carbons at C-3, C-13, C-15, C-17 and
C-19. First, the relative stereochemistry of 3 was elucidated by
analysis of 1H NMR coupling constants (J values) (Table 1),Figure 1 StrROESY experiments (Fig. 2) and the dihedral angles (Table 2 and
Fig. 3). The large value of J3–4axial (11.0 Hz) indicated that the two
protons were oriented in the trans diaxial orientation at C-3. As for
the C-13, C-15, C-17 and C-19 in the tetrahydroxylalkyl chain of
3, NOEs were observed between H-3 (4.86) and H-13 (4.08), H-13
and H-15 (4.01), and H-15 and H-17 (3.96) (Fig. 2). Additionally,
the 1H NMR coupling constants (Table 1) and the dihedral angles
(Fig. 3) from C-12′ to C-19′ supported that the four hydroxy
groups were all in the syn conﬁguration. Taking all these ﬁndings
together, the relative stereochemistry of 3 was elucidated to be
3S*,13R*,15R*,17R*,19R* as shown in Fig. 1.
The relative stereochemistries of 4 and 5 were also elucidated to
be 3S*,13R*,15R*,17R* and 3S*,13R*,15R*, respectively, from
the same analysis of the coupling constants in 1H NMR (Table 1),
ROESY (Fig. 2) and the dihedral angles.
To elucidate the absolute stereochemistry of 3, the circular
dichroism (CD) spectrum of 3 was investigated to elucidate the
absolute conﬁguration at C-3. Compound 3 exhibited a negative
cotton effect at 275 nm and a positive cotton effect at 259 nm in
the CD spectrum. Comparison of the data with those reported for
(R)- and (S)-semivioxanthins (6 and 7)8 indicated that the absolute
stereochemistry at C-3 in 3 was elucidated to be 3S (Table 2).
Accordingly, the total absolute stereochemistry of 3 was concluded
to be 3S,13R,15R,17R,19R.
Similarly, the absolute stereochemistries of 4 and 5 were also
determined to be 3S,13R,15R,17R and 3S,13R,15R, respectively
from the CD spectra (Table 2).
Taken together, all monapinones (1–5) have the same absolute
stereochemistries of S at C-3 and R at all chiral carbons in
hydroxylalkyl chains as shown in Fig. 1. Thus, dinapinones wereuctures of 1–7.
Table 1 1H NMR chemical shifts of 3–5a.
3 4 5
Compd. δH J (Hz) δH J (Hz) δH J (Hz)
3 4.86 1H dddd 3.5, 6.5, 6.5, 11.0 4.83 1H dddd 3.4, 6.0, 7.0, 11.2 4.83 1H dddd 2.6, 6.2, 7.0, 11.0
4a 3.03 1H dd 11.0, 16.0 2.99 1H dd 11.2, 16.2 3.00 1H dd 11.4, 16.0
4b 3.18 1H dd 3.5, 16.0 3.14 1H dd 3.4, 16.2 3.16 1H dd 2.6, 16.0
5 7.04 1H s 7.00 1H s 6.99 1H s
6 6.72 1H s 6.67 1H s 6.68 1H s
8 6.45 1H s 6.42 1H s 6.42 1H s
11 3.88 3H s 3.86 3H s 3.88 3H s
12a 1.95 1H ddd 5.0, 6.5, 14.0 1.93 1H ddd 5.0, 7.0, 14.0 1.94 1H ddd 4.6, 7.0, 13.6
12b 2.07 1H ddd 6.5, 7.5, 14.0 2.05 1H ddd 6.0, 7.8, 14.0 2.05 1H ddd 6.2, 8.0, 13.6
13 4.08 1H dddd 3.5, 5.0, 5.6, 7.5 4.06 1H dddd 4.0, 5.0, 7.0, 7.8 4.06 1H dddd 4.6, 5.0, 7.8, 8.0
14a 1.68 1H ddd 5.6, 8.0, 13.4 1.66 1H ddd 7.0, 7.0, 13.6 1.65 1H ddd 7.8, 8.2, 13.6
14b 1.75 1H ddd 3.4, 3.5, 13.4 1.71 1H ddd 4.0, 4.0, 13.6 1.70 1H ddd 4.3, 5.0, 13.6
15 4.01 1H dddd 3.0, 3.4, 8.0, 8.0 3.96 1H dddd 4.0, 4.2, 7.0, 8.0 3.79 1H m
16a 1.61 1H ddd 8.0, 8.0, 13.4 1.57 1H ddd 4.2, 4.2, 14.0 1.47 2H m
16b 1.67 1H ddd 3.0, 3.5, 13.4 1.61 1H ddd 8.0, 8.0, 14.0 1.52 1H m
17 3.96 1H dddd 3.5, 5.0, 8.0, 8.0 3.95 1H ddd 4.2, 6.2, 8.0 1.39 2H m
18a 1.57 1H ddd 5.0, 5.0, 13.4 1.18 3H d 6.2 1.38 1H m
18b 1.62 1H ddd 8.0, 8.0, 13.4 1.40 1H m
19 3.96 1H ddd 5.0, 6.0, 8.0 1.56 2H m
20 1.19 3H d 6.0 3.35 3H t 6.0
aChemical shifts are shown as δ values (ppm) relative to CD3OD at 3.31 ppm for
1H NMR (600 MHz).
Figure 2 ROESY of 3 (a), 4 (b) and 5 (c).
Table 2 Cotton effects of 3–7 in CD experiment.
Compd. CD λex termum (Δε)
3a 221 (–2.3) 259 (+9.1) 275 (–0.2) 373 (+1.0)
4a 227 (–0.0) 259 (+12.3) 278 (–1.3) 373 (+1.2)
5a 220 (–2.7) 259 (+10.5) 280 (–0.5) 381 (+1.9)
6b,c 213 (–7.3) 240 (+1.6) 266 (–4.5) 366 (+1.3)
7b,c 216 (+6.0) 239 (–0.8) 267 (+3.0) 366(–1.0)
aCD spectra were measured in methanol.
bCD spectra were measured in triﬂuoroethanol.
cCD spectra are quoted from Ref. 8.
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dinapinones A1 and A2 are of homodimer of monapinone A.
Dinapinones AB1 and AB2 are heterodimer of monapinones A and
B, dinapinones AC1 and AC2 are monapinones A and C, dinapinones
AD1 and AD2 are of monapinones A and D, and dinapinones AE1
and AE2 are of monapinones A and E4,6,7. In previous study, we
showed that dinapinones A1 and A2 elucidated by in vitro conversion
of structure-deﬁned 1 are enzymatically biosynthesized from 16.Similarly, other dinapinones are produced from monapinones by the
same monapinone dimerizing enzyme (MDE). The detail of MDE will
be reported elsewhere.3. Experimental
3.1. General experimental materials
All solvents were chemical or analytical grade. Various NMR
spectra were recorded in CD3OD Varian INOVA 600 MHz
spectrometer (Agilent Technologies, Santa Clara, CA, USA).
Chemical shifts were shown as δ values (ppm) relative to CD3OD
at 3.31 ppm for 1H NMR (600 MHz). Circular dichroism spectrum
was measured in methanol on a JASCO model DIP-181 polari-
meter (JASCO, Tokyo, Japan).
3.2. Production of monapinones C–E
The fermentation of fungus T. pinophilus FKI-3864 and isolation
procedures of monapinones from the culture broth of the fungus
C-14/C-15C-12/C-13 C-13/C-14
5.0 Hz
7.5 Hz
3.5 Hz
5.6 Hz
3.4Hz
8.0 Hz
C-16/C-17C-15/C-16
8.0 Hz
3.6Hz 3.5 Hz
8.0 Hz
C-18/C-19C-17/C-18
5.0 Hz
8.0 Hz
5.0 Hz
8.0 Hz
C-4/C-3 C-3/C-12
3.5 Hz
11.0 Hz
6.5 Hz
6.5 Hz
Figure 3 Coupling constants (JHH) and the dihedral angles of 3.
Ryuji Uchida et al.166were carried out accordingly to the methods described in the
previous papers5. Brieﬂy, a slant culture of strain FKI-3864 grown
on LCA (0.10% glycerol, 0.08% KH2PO4, 0.02% K2HPO4, 0.02%
MgSO4  7H2O, 0.02% KCl, 0.2% NaNO3, 0.02% yeast extract
and 1.5% agar, adjusted to pH 6.0 before sterilization) was
inoculated into a 50 mL tube containing 10 mL of the seed
medium (2.0% glucose, 0.5% polypeptone, 0.05% MgSO4  7H2O,
0.2% yeast extract, 0.1% KH2PO4 and 0.10% agar, adjusted to pH
6.0 before sterilization). The tube was shaken reciprocally for
3 days at 27 1C to obtain the seed culture, which was transferred to
production medium (3.0% sucrose, 3.0% soluble starch, 1.0% malt
extract, 0.3% Ebios (Asahi Food & Healthcare, Tokyo, Japan),
0.5% KH2PO4, 0.05% MgSO4  7H2O, adjusted to pH 6.0 before
sterilization) and fermentation was carried out under the following
culture conditions: (1) This was reported as a dinapinone
A-producing condition; (2) The main culture was initiated by
transferring 2.0 mL of the seed culture into a 1L Roux-type ﬂask
containing 200 mL of the production medium supplemented with
seawater. Fermentation was carried out at 27 1C for 30 days under
stable conditions.
The production of monapinones was measured using a LaChrom
Elite HTA system (Hitachi; column, PEGASIL ODS (4.6 mm 250
mm; Senshu Scientiﬁc, Tokyo, Japan); ﬂow rate, 1.0 mL/min; mobile
phase, a 40-min linear gradient from 5.0% CH3CN to 100% CH3CN
containing 0.05% H3PO4; detection, UV at 210 nm). Under these
conditions, monapinones C–E were eluted with retention times of 17.6,
18.3 and 19.2, respectively.References
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